 Abstract-Liquid chromatography-mass spectrometry (LC-MS) analysis is a well-known and powerful tool for metabolite analysis. To identify common or unique metabolites between samples, detected features of identical ions in LC-MS are assigned among chromatograms using analytical software. In general, most ion feature assignments between chromatograms are correct, but some parts of assignments must be corrected. To address this issue, we previously established an algorithm to refine feature assignments and provided a software tool MatchedIonsFinder. In this report, we describe an improved algorithm of MatchedIonsFinder for enhanced accuracy in feature assignments. The new algorithm optimizes MS/MS spectra to specify features of identical ions among chromatograms. Sample order dependency in the new algorithm was also eliminated. The effectiveness of the new algorithm was tested in a metabolome data set.
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I. INTRODUCTION
Liquid Chromatography-Mass Spectrometry (LC-MS) allows for the simultaneous detection of thousands of organic ions with high sensitivity [1] . This technique is widely applied to investigate the novel functions of secondary metabolites and their biosynthetic pathways [2] , [3] . LC-MS chromatograms are processed in multiple steps, including peak identification, extraction of a detected ion feature, and assignment of features of the corresponding ion between chromatograms for successive data mining to solve real-time problems, such as in multivariate analysis [4] .
Several software tools are currently available for LC-MS data processing [5] - [14] . These programs facilitate the retrieval of the features of a detected ion from LC-MS chromatograms. However, better and more efficient analytical software is required because of the increase in the number of ions being analyzed. One of the critical demands is feature assignments of the corresponding ion between chromatograms. When comparing LC-MS chromatograms, shifts in the retention time of ions are observed at both the global and local levels. These shifts make feature assignments complicated. In our experience, while most features assignments are correct, some still require modification/correction. For example, multiple features with similar retention time and mass to charge ratio (m/z) were detected in a chromatogram, mistaking of feature assignment between chromatograms is often caused. Therefore, manual revision procedures are required for chromatograms with a large number of ion features.
In order to automate revision procedures for feature assignments, we previously established a MatchedIonsFinder algorithm [15] . This algorithm was applied to metabolome analysis to facilitate the revision of feature assignments in LC-MS [16] , [17] . Herein, we attempted to improve the MatchedIonsFinder algorithm by optimizing MS/MS spectra of features. Furthermore, we eliminated the dependency of the algorithm on the order of samples input. The new MatchedIonsFinder algorithm was compared to the previous algorithm with a test data set by LC-MS.
II. ALGORITHM
A. MS/MS Spectrum Matching
MS/MS fragmentation patterns were used for determining the equivalency of features obtained from different chromatograms by the same method of FragmentAlign, which is a software program for data analysis in GC-MS introduced in a review by Sakurai et al. [14] . The similarity of MS/MS spectra is measured by the following procedures using three statistical distance metrics: Pearson correlation coefficient [18] , cosine similarity [19] , and Spearman correlation coefficient [20] . First, each MS/MS spectrum is summarized into a vector comprising at most twenty elements. In the summarizing process, m/z values in the spectrum are rounded off into nominal mass, and values of the corresponding signal intensities are summed for each nominal mass. According to the values of the summed intensities, data from the top twenty peaks are extracted. Here, the MS/MS spectrum of a feature of ion A is denoted by a vector a in Eq. (1), where O, xm, and a xm denote the origin of the vector, the rounded m/z of the m-th MS/MS peak, and the summed signal intensity of the m-th MS/MS peak, respectively. ) ,..., , , (
Similarly, the spectrum of a feature of ion B is denoted by a vector b in Eq. (2), where yn and b yn denote the rounded m/z of the n-th MS/MS peak and the summed signal intensity of the n-th MS/MS peak, respectively. ) ,..., , , (
Next, the vectors of the two MS/MS spectra (a and b) are merged to convert two vectors a' and b', respectively, with the same number of elements. If the merging two vectors have any peaks with the same rounded m/z then the unshared peaks will be added to the new vectors (a' or b'). Namely, the two merged vectors a' (3) originating from vector a, and b' (4) originating from vector b are denoted as the following equations, where zs, a' zs , and b' zs denote rounded m/z of the s-th MS/MS peak, the summed signal intensity of the s-th MS/MS peak in feature A, and the summed signal intensity of the s-th MS/MS peak in feature B, respectively.
The two vectors a' and b' are then employed to calculate the three statistical indices: Pearson correlation coefficient, cosine similarity, and Spearman correlation coefficient for testing similarity of MS/MS fragmentation patterns. The thresholds of the three statistical indices can be set by the user.
B. Utilization of MS/MS Spectra for Setting Landmark
Ions The MatchedIonsFinder algorithm sets the landmark ions to revise the retention time of features [15] . A pair of landmark ions located on both sides of a feature is used to calculate a revised retention time for the feature. Requirements of landmark ions are as below:
1) The ions must be detected in all samples.
2) The corresponding ion must contain at least a pair of features with equivalent patterns of MS/MS spectra.
The 2nd requirement allows for setting more reliable landmark ions based on equivalent MS/MS spectra, compared to the previous algorithm. The number of features having a similar pattern of MS/MS spectra for a landmark ion was set as "2" in this study, but it can be set by the user also.
C. Independence of Sample Order
The MatchedIonsFinder we previously established is a dynamic algorithm. When the execution order of revision is changed for the same data set, the result will also change, albeit only to a small extent [15] . In the previous algorithms, the execution order of revision was determined by the location of features on a given matrix of ions from the user. To remove the dependence of revising results on sample order input, we modified the revision process. Now, the revision processes start at the feature with the earliest revised retention time, and the execution occurs in the order of revised retention time (from small to large) in the given data set.
III. EVALUATION OF MATCHEDIONSFINDER ALGORITHMS
A. Test Data Set
We used a sample dataset generated from tomato fruits by means of liquid chromatography/Fourier transform ion cyclotron resonance mass spectrometry (LC-FT/ICR-MS), as described by Yamamoto et al. [15] . The data set was downloaded at http://metabolonote.kazusa.or.jp/SE3:/ and processed using PowerGet [14] . The data were processed after feature assignments were exported into files for revision. The sample data contains triplicate metabolomic profiles for three kinds of tomato cultivars and includes approximately 38% of the detected features in the MS/MS spectrum.
B. Test Conditions
We conducted revision of the feature assignments for the metabolome data set in four different ways: two with the previous version of MatchedIonsFinder (available at http://www.kazusa.or.jp/komics/), the new algorithm, and manually by an expert. The previous algorithms were comprised of the original algorithm (MatchedIonsFinder: use no MS/MS spectra) and the algorithm with use of MS/MS spectra (MatchedIonsFinder_MSMS). The latter algorithm sets landmark ions between each pair of chromatograms when with MS/MS spectra showed similar patterns [15] . The new algorithm was coded in Perl script and used. In the test, we counted the number of features of ions that were assigned as identical among the same samples, as described by Yamamoto et al. [15] . In addition, we examined the statistical variant of m/z (ppm) of assigned features detected in the same triplicate samples to test the reliability of assignments.
The permissible range of m/z (we call it m/z margin) is defined properly when a reliable pair of corresponding features is sought. To optimize the m/z margin for the data set, we conducted a pretest with the new algorithm (data not shown). In the pretest, we applied m/z margins from 0.1 to 100 ppm. When a large m/z margin (2 to 100 ppm) was used, some feature assignments showed a large statistical variance for the same ion, although a large number of features were assigned as identical among triplicate chromatograms. On the other hand, when we used a small m/z margin (0.1 to 0.5 ppm), a small number of features were assigned as identical. Moreover, when we used an intermediate m/z margin (0.8 to 1.5 ppm), the result showed an intermediate number of accurate feature assignments. Therefore, we used an m/z margin of 1 ppm in this study.
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For other parameters, we employed the same conditions described in our previous report [15] . The retention time margin of 0.3 min was set. For matching MS/MS spectra, a default setting parameter in PowerGet was applied; all three statistical indices show positive numbers since the parameters seemed to be adaptive for any data we produced previously.
C. Test Results
We compared the test result of the new MatchedIonsFinder algorithm (ver. 2) to those of the previous algorithms (ver. 1) that contain a basic algorithm without the use of MS/MS spectra and a functionally extended algorithm with the use of MS/MS spectra [15] . The data set comprised nine metabolomic profiles generated from three kinds of tomato cultivars in triplicate biological experiments. We assumed that ions detected twice or thrice in the triplicate samples from a cultivar were reliable or highly reliable, respectively. On the contrary, when the corresponding feature for an ion was detected only once in triplicate samples, this ion signal was likely the result of noise. Ver. 1 *3 *1 Variance represents a square of standard deviation of m/z (ppm) of an ion detected in three triplicate samples (described as "Three" in Table I ). *2 "Unrevised" and "Manual" represent unrevised data and data revised manually by an expert, respectively. *3 Number of ions detected in three triplicate samples. Values in parentheses indicate the ratio to all ions in each sample.
The unrevised data by MatchedIonsFinder contained 597 ions of "Three (thrice)," 790 of "Two (twice)," 5,730 of "One (once)," and 10,160 of "Zero (Null)" (Table I) . After revision in the three algorithms, i.e., the previous MatchedIonsFinder algorithm without the use of MS/MS spectra (represented as "noMS"), the previous MatchedIonsFinder_MSMS algorithm with the use of MS/MS spectra (represented as "MSpw"), and the new MatchedIonsFinder algorithm (represented as ver. 2), the number of ions in each class changed. The number of "Three" in the new algorithm was closest to that for the manual revision than those for the other algorithms. Moreover, the distribution of m/z variance of "Three" in the new algorithm was very similar to the unrevised data ( Table 2 ). This suggests that the previous algorithms gave wrong feature assignments. On the contrary, the "noMS" algorithm showed a larger number of "Three" than that in the new algorithm. This was mainly due to an increase in ions at m/z of 1E-12 and 1E-13 (Table I, Table II ). In the "noMS" algorithm, features with similar revised retention time and m/z were assigned as the same ions even when their MS/MS spectra showed no significant similarity. The manual revision showed larger numbers in both "Three" and "Two" than those in the new algorithm (Table I ). However, it had a small portion of feature assignments at high variance in "Three" (Table II) . Since the measurement error in m/z was estimated up to 1 ppm in the LC-FT/ICR-MS we used, correct feature assignments should show less than 1E-12 of m/z. Therefore, these assignments at high variance might be errors in revision. For "Two," some portions of ions showed higher statistical variance than that in the new algorithm (data not shown). This observation supported better feature assignments in the new algorithm.
IV. DISCUSSION
In the present study, we established an improved MatchedIonsFinder algorithm by optimizing MS/MS spectra of features. The new algorithm employs only landmark ions with the support of MS/MS spectra. Alteration in the dependency of sample order input allows users to disregard issues relating to sample order. A test in a metabolome data set indicated that the new algorithm provided a more plausible revision result than those in previous algorithms and by manual revision by an expert.
In our previous study, we developed MatchedIonsFinder_MSMS, which utilizes MS/MS spectra to set landmark ions between each pair of samples [15] . This has the advantage that relatively large numbers of landmark ions can be identified even when the data include fewer MS/MS spectra. On the other hand, the disadvantage is that revisions of feature assignments are carried out based on the local retention time. Therefore, multiple revision processes may be required. To provide options for users of theMatchedIonsFinder algorithm, we are currently updating the MatchedIonsFinder_MSMS algorithm.
V. CONCLUSION
We demonstrated that the new MatchedIonsFinder algorithm is useful for refining feature assignments in LC-MS analysis. Application of this algorithm to 
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Enzymatic deinked pulp helps to decrease the need of chemical usage by 50-60% in practical and have been accepted as an ecofriendly cost effective methodology by most succeeded researchers since the last few years. According to Bajpai et al. [1] , the results on the optical properties of pulps gained through this bio-enzymatic deinking was compatible to the one gained from conventional deinking process. According to the research, this biodeinking combined with some chemical deinking approach resulted in a decrease of 20.15% and 22.64% in BOD and COD values of effluents and a gain of 10.71% in viscosity, 7.49% in breaking length, 10.52% in burst factor and 6.25% in tear factor as compared to conventional chemical deinking [2] . This approached has been putting waste paper recycling as an alternative that can alleviate waste paper stress on the environment, unfortunately recycling has its own problems. One of the most important problems of producing printing and writing marketable papers from waste papers is the variation of printing processes and ink used in the printing industry [3] . Consequently, when a mixture of waste paper is re-pulped, different kinds of ink particles having different sizes and qualities are released into the Manuscript received January 30, 2016; revised July 4, 2016.
suspension. In this condition, the importance of deinking method selection becomes more important. Considering the increases in waste paper usage in the paper industry, the need for an efficient method with lower pollution, higher elimination of ink particles, and improvement of product quality level is being felt more than ever. So, it is imperative to have technology that deinks ink particles to an acceptable residual ink count in economical and environmentally acceptable scopes. The common industrial methods for deinking are costly and require high amounts of chemicals that increase environment pollution. Therefore, waste paper recycling mills have a motivation to apply lower chemicals and more environment friendly methods. Enzymatic deinking (bio-deinking) has proven as an environmentally friendly solution for waste papers recycling. Enzymatic deinking uses enzymes to enhance the removal of inks from waste paper and can be more effective and less expensive than conventional deinking chemicals. Also, it tends to avoid some problems associated with alternative treatment technologies [4] , [5] . The mechanism of enzyme deinking has not been clearly define but several authors have reported that removal of oil-carrier-based inks can be facilitated by treatment with lipases and esterase [6] which can degrade vegetable oil based inks. This paper is focused on the effects of temperatures and pH on the deinking of laser-jet waste paper using commercial lipase and esterase towards the brightness of the gained pulps.
II. MATERIAL AND METHODS
A. Enzyme Assays
Lipase and esterase (Sigma) activities were assayed by olive oil emulsion method modified from Mustranta et al. [7] . Substrate was prepared by homogenizing 30 mL of olive oil with 70 mL of emulsification reagent for 3 min [8] . 5 mL of emulsion was mixed with 4 mL of 0.2 M phosphate buffer, pH 7.0 at 200 rpm and was run at 0°C to 65°C for 10 min, before the addition of 1.0 mL diluted enzyme followed by 30 min incubation. Reactions were stopped using 20 mL of 95% ethanol [5] . Heat inactivated enzyme was used as control and the fatty acids released during the incubation were immediately titrated with 50 mM NaOH. One unit of enzyme of lipase and esterase represented the release of 1µmol of fatty acid per min doi: 10.18178/jolst.4.2.79-83 printed paper
